Objective: This study aimed to perform the carotid artery stretching experiments with young and elderly corpse for the study of carotid atherosclerosis pathogenesis and biomechanical basis.
INTRODUCTION
Carotid artery is the predilection site for carotid atherosclerosis, which is the most frequently involved in systemic atherosclerosis. Carotid atherosclerosis and stenosis are extremely easy to cause the cardiovascular and cerebrovascular diseases. Domestic and foreign scholars have performed on a lot of researches about the pathogenesis of atherosclerosis, stroke prevention, diagnosis and treatment (1-12).
Homburg et al. (13) have carried out the correlation analysis on the relationship of CA and cerebral infarction, they believe that CA can be used as one of the most important risk indicator of cerebral infarction prediction; Simova et al. (14) have studied the relationship of media layer-thickness of carotid intima and CA and find that, the intima membrane thickness can be seen as the marker of atherosclerotic changes.
Parmar et al. (15) have studied the relationship between stroke onset with the unstable carotid artery plaques or "vulnerable plaques" of ischemic stroke, and the results show that the complex carotid artery plaque was closely related to ischemic stroke. Sadekova et al. (16) have studied the effect of carotid artery calcification on cerebral arterial stiffness in mice by using CaCl 2 deposition and find that, the carotid artery calcification can induce the cerebral superoxide anion generation and increased neurodegenerative diseases, with decreased carotid artery elasticity, compliance and distensibility. The mouse model of CaCl 2 deposition in carotid artery conforms with the feature and specificity of arterial stiffness, and can be used to study the effects of arterial stiffness on the brain. Khorvash et al. (17) have comparatively analyzed the relationship between carotid artery intima-media thickness and type D personality in Quin et al 3 40-60 years old persons, and measured the carotid artery intima-media thickness in placebo group and type D personality group using Doppler ultrasound. Results show that, the average carotid artery intima-media thickness between two groups is no significantly different (P = 0.19). However, there are 22.9% and 48.6% of individuals with abnormal intima-media thickness in placebo group and type D personality group, with significant difference between them (P = 0.001). Type D personality can increase the incidence of cardiovascular disease, especially for stroke and myocardial infarction due to hormonal imbalance, which lead to artery vasospasm and atherosclerosis. Therefore, it is necessary to conduct evaluation and treatment for patients with increased risk of atherosclerosis and myocardial infarction. The elderly metabolic syndrome (MS), such as hypertension, hyperglycemia, dyslipidemia and obesity, was the frequently-occurring and common diseases towards the elderly, and the independent risk factors of cardiovascular diseases. Von Hafe et al. (18) reported that the prevalence rate of elderly MS was 43.5%. The morbidity and mortality of elderly heart and cerebrovascular diseases were even higher. The main pathological basis of heart and cerebrovascular diseases were the atherosclerosis. In the recent years, the carotid had become a "window" that could reflect the systemic atherosclerotic lesions. 
SUBJECTS AND METHODS

Subjects
The young carotid arteries were obtained from 10 fresh normal adult male corpses, 
Statistical analysis
Data were expressed as mean ± SD. Statistical analysis was performed using SPSS 11.0 statistical software. Single-factor randomized group design was used for analysis, and Dunnett's T3 test was applied to all pair-wise comparisons. P < 0.05 was considered as statistically significant.
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RESULTS
Sample number analysis
The total sample number of carotid artery tensile test in the young and elderly groups was 40, all included in the results analysis, without any loss value. The 2 carotid artery tissue morphology samples of young and elderly groups were all included in the final analysis.
Longitudinal tensile results of carotid artery specimens
The experimental data of longitudinal tensile test were shown in Table 1 , the data of the two groups were curve fitted with a computer, and the stress -strain curves were shown in Figure 1 .
The tensile test results showed that the maximum stress of the elderly samples was 227.2 ± 7.3 kpa, maximum strain was 67.7 ± 5.0%, and the elastic limit strain was 29.3 ± 2.6%, the elastic modulus at 13.3 kpa stress was 98.5 ± 1.8 kPa, 102.5 ± 2.3 kPa at 16.0 kpa stress and 106.1 ± 1.5 kPa at 22.5 kpa stress, while towards the young specimens, the maximum longitudinal tensile stress was 254.8 ± 13.1 kPa, the maximum strain was 90.6 ± 10.6%, the elastic limit strain was 39.5 ± 2.8%, the elastic modulus was 93.9 ± 5.6 kPa at 13.3 kpa stress, 96.3 ± 1.4 kPa at 16.0 kpa stress and 98.4 ± 1.1 kPa at 22.5 kpa stress. The maximum stress, maximum strain and elastic limit strain of young group were larger than those of the elderly groups (P < 0.05), while the elastic modulus at 13.3 kpa, 16.0 kpa and 22.5 kpa stress were less than the elderly group (P < 0.05).
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In Figure 1 , the stress was the ordinate, and the strain was the abscissa. It could be concluded that when the stress was 16.0 kpa, the two stress -strain curves exhibited exponential relationship, the stress and strain of young group were greater than those of elderly group. When the stress exceeded 16.0 Kpa, the strain of both young and elderly groups increased rapidly, along with the increasing stress-strain curve, slope increased, the stress-strain relationship exhibited disproportionate change, the continuous force loading would result in the increaseing deformation of the vascular wall until the sample was damaged.
Establishment of stress-strain functional relations
From the measured data, the dependent relations and the total deviation among variables were investigated for the creation of the stress-strain functional relations: 
Histological analysis of longitudinal section on young and elderly groups
In order to analyze the tissue morphology of longitudinal section in both young and elderly groups, SEM was performed to observe the morphological changes of longitudinal sections. The longitudinal optical micrographs of carotid artery in young and elderly groups were shown in Figures 2 and 3 , respectively.
The morphology observation results showed that the carotid arterial intimal thickening of elderly group was apparent, the proliferation of a large number of (Figure 3) . While the structures of carotid artery wall layers in young group were normal, without atherosclerotic plaque, the intimal was smooth, and the elastic fibers in the tunica media were normal (Figure 2 ).
DISCUSSION
In this study, the experimental methods towards both young and elderly corpse carotid artery specimens, namely sampling, sample preservation, sample pre-tune treatment, experimental ambient temperature, experimental speed, and sample interventions for tissue morphological observation specimens, were all consistent, so the experimental results were reliable. Results of this study show that, there are obvious morphology and mechanical property changes of carotid artery in elderly group due to atherosclerosis, with significant difference from young group, which is consistent with expectation.
This study found that, when the stress did not exceed the normal diastolic pressure (16.0 kpa), the carotid arterial strain increased rapidly in both two groups, when the stress exceeded 16.0 kpa, the strain rose slowly. At the beginning, the strain while the hardness increased, namely the elastic modulus was improved. Long-term high blood pressure and high stress-induced carotid artery remodeling in elderly people led to the changes of blood vessels functions, therefore the arterial compliance decreased, and the mechanical properties of the vascular wall changed. CA has a very close relationship with cerebral infarction, and is the risk factor for cerebral infarction.
After the formation of carotid artery plaques, the stress of the arterial wall would increase and the impact of the unstable blood would rupture plaque in hypertensive state, then activate the platelets, started the fibrinolytic system, which would gradually develop into cerebral infarction. The experimental results supported the view that the mechanical property changes of the vascular wall were one of the pathogenesis of atherosclerosis and cerebral infarction.
In this study, the maximum strain of carotid artery in human cadaver was 90.6 ± 10.6%, less than the pig carotid maximum tensile strain by Clerin (17) , indicating that there were differences in tensile mechanical properties of the common carotid artery among different species. In the past, the mechanical properties of the common carotid artery studies mainly used the animal corpses carotid artery, and mostly focused on 1D longitudinal stress -strain relations, with the speed of longitudinal tensile experiments was faster than 0.5 mm/mim. In this study, the difference from previous studies was that the test speed was 0.5 mm/mim, with this speed, the maximum stress, strain data, the elastic modulus data at 13.3 kpa, 16.0 kpa and 17.8 kpa stress and stress -strain curve of young and elderly groups were obtained, and regression analysis was used to develop the stress -strain relation expression, quantitatively compared the mechanical properties of the two groups, and discussed the relations of atherosclerosis and cerebral infarction from the biomechanical view, providing the Quin et al 13 biomechanical basis of the pathogenesis of atherosclerosis and cerebral infarction.
There was innovation in the experimental methods and data processing methods.
